Introduction
The Laboratory of Experimental Hypnosis of the Department of Medicine of the University of Padua previously demonstrated that suggestions given in hypnosis induce behavioral and cognitive modifications that can be studied, repeated and measured in an experimental setting. Thermal (Casiglia et al. 2006 ) and situational (Casiglia et al. 1997a) hallucinations, analgesia for both non-trigeminal (Casiglia et al. 2007 , Facco et al. 2013 ) and trigeminal (Facco et al. 2009 , Facco et al. 2011 ) pain, hypnotic visuospatial neglect (Priftis et al. 2011 ), hypnotic alexia (Casiglia et al. 2010 ) and amusia for rhythm (Facco et al. 2014) , hypnotic age regression ) and hypnotic increase in physical performance were induced and quantified in a laboratory of haemodynamics with the peculiar tools of human physiology (Casiglia et al. 2012a ). These studies showed that the effects of hypnosis, always real for the participant, are also real in an experimental context.
A special field of research is represented by the possibility to modulate pain through specific suggestions given in hypnosis (Kropotov et al. 1997 , Chaves and Dworkin 1997 , Holroyd 1996 . Although the analgesic effect of these suggestions is well documented in highly hypnotizable subjects (highs), there is a lack of a theoretic basis about the mechanisms of hypnotic analgesia and the chain of events leading to analgesia remains quite uncertain. In particular, the fundamental question on whether hypnotic analgesia is due to mere subjective dissociation or to a real block of pain transmission is unanswered.
The procedures that are typical of cardio-physiology may be of help in this study (Kropotov et al. 1997) . In fact, although point-rating visual analogical scales are commonly used to quantify pain (Mader et al. 2003) , the nociceptive stimuli also have physiological effects that can be technologically measured (Casiglia et al. 2007 ). In the case of non-trigeminal (systemic) pain, these effects are represented by vasoconstriction with an increase of peripheral resistance and a reduction of cardiac output and peripheral flow. Now, the measurement of such effects in a laboratory of physiology during hypnotic analgesia can answer the question about "dissociation or block". If hypnotic analgesia is accompanied by reduction of the reflex cardiovascular response to stress, the conclusion must be that pain is really blocked by hypnotic suggestions along the nervous ways from the area in pain to the brain; the reflex response to pain is in fact completely unconscious and not under the participant's consciousness. In other words, it cannot be voluntarily produced or simulated.
In previous studies we demonstrated that hypnotic focused analgesia (HFA) blocks not only perception of pain but also its hemodynamic consequences (Casiglia et al. 2007 , Facco et al. 2009 , Facco et al. 2011 . It is about corresponding, in this respect, to chemically-induced local anesthesia (Facco et al. 2013) .
The aim of the present study is to clarify whether it is possible to go beyond HFA, inducing through hypnotic suggestions a picture reproducing not only local analgesia but total-body analgesia, in the frame of what we decided to call hypnotic general anesthesia (HGA).
Materials and Methods

Study Subjects
Ten healthy young volunteers aged 26.2±6.3 years were studied. They were previously defined as eligible for hypnosis on the basis of a historical questionnaire and of a personal interview aimed for screening out subjects with a borderline personality, more prone to show unwanted effects during hypnotic dissociation. They were also defined as highs by means of the Harvard Group Scale of Hypnotic Susceptibility (De Pascalis et al. 2000 , Younger 2005 . Highs were chosen for the present pilot study as they tend to experience more evident pain inhibition following hypnotic procedures (Horton et al. 2004) .
This research adheres to the principles of the Declaration of Helsinki. All subjects gave a written informed consent to the procedure. Each one was preliminary and personally informed about the aims, methods and possible risks of the procedure, and had the opportunity to ask all the questions that they considered necessary. The Local Ethics Committee approved the protocol.
General Protocol of the Study
Hypnotic Procedures
Some days before the experimental procedure, all subjects, in turn, individually underwent a classic hypnotic induction through verbal suggestions with cues of relax and well-being. Through the voice of an expert hypnotist, they were guided towards focusing their attention on a single idea, excluding other external or internal stimuli. A traditional induction was used, consisting in a brief enumeration coupled with suggestions of general well-being, eyelid heaviness, regular deep breathing, and staring at a point. After spontaneous eyelid closure was obtained, subjects were invited to concentrate on their own body from their feet to the head, whilst a feeling of heaviness and muscular relaxation was being suggested.
The verification of hypnosis was based on some signals, such as arm levitation, the easing of facial tension, the lower jaw dropping down with a mild opening of the mouth, and slower breathing rate. The analysis of these signals enabled the hypnotist to understand if the subjects were really hypnotized and it aimed at maintaining or modifying this condition by means of continuous appropriate suggestions.
The aim of this preparatory procedure was to establish a valid interpersonal relationship between the operator and the subject, in order to favor rapid and valid mono-ideism in the occasion of the following experimental sitting.
To reduce the time needed for induction, post-hypnotic conditioning was predisposed in all subjects leaving the conditioning: "When I….. [command] , you will immediately fall in the same, profound trance condition you are now experiencing".
Experimental Session
In the day chosen for the experiment, the subjects individually underwent, in pre-hypnotic basal conditions, an electrical stimulation of the right median nerve (ESMN) through a device giving square-wave direct current (DC) electric discharges at an increasing intensity and at a frequency of 2 stimuli/sec. As mentioned above, non trigeminal pain (like that involving ESMN) is expected to be accompanied by a reflex increase of peripheral resistance and a decrease of cardiac output (Casiglia et al. 2007 ). The subjects were kept in the supine posture for at least 30 minutes. In the meanwhile, the devices for hemodynamic monitoring were applied (Figure 1 ) to ensure the continuous measurement of the hemodynamic parameters specified below. After reaching hemodynamic stability, ESMN started from 0 mA and progressively increased to 0.2 mA per second until the participants reached a subjective feeling they could define as "pain" at hand thenar eminence. This intensity was recorded and, after 1-minute of constant ESMN, the hemodynamic parameters described below were measured. In a second phase following the previous one, the DC intensity was increased by 20% and the hemodynamic parameters were recorded once more after 1-minute of ESMN. In a third phase, the DC intensity was further increased by 0.2 mA per second until the participant said the pain became "intolerable". This intensity was recorded as well and, after 1-minute ESMN, the hemodynamic parameters described below were measured once more. The EMSN was then stopped and the pain immediately ceased. The maximum pain reached during ESMN was therefore quantified in two ways: 1) by a 0-to-10 subjective rating scale immediately after the end of the procedure (subjective pain tolerance threshold), and 2) by measuring the maximum tolerable DC intensity (objective pain tolerance threshold).
In the same day, the same subjects were asked to repeat the same procedure while undergoing HFA and HGA in a random sequence.
For HFA, once valid neutral hypnosis was reached, specific suggestions aimed at obtaining right hand analgesia were administered. In detail, it was suggested that the right hand was insensitive to pain and that no pain sensation could originate from it. Aim of this procedure was to produce analgesia by focusing attention on/from the hand receiving the painful stimulation. The pain intensity (0-to-10 rating visual scale) and pain tolerance threshold (maximum tolerable DC intensity in mA) were recorded as previously described and hemodynamic parameters were continuously monitored before and during the entire painful procedure.
The DC intensity administered at threshold and at threshold +20% phases was the same as in pre-hypnotic conditions, while that administered to ascertain maximum tolerable pain was increased by 0.2 mA×min -1 until subjects said to have reached the maximum level of tolerable pain and wanted to cease the ESMN. This intensity was recorded for determination of the objective pain tolerance threshold.
For patients who developed complete analgesia and resulted to be insensitive to pain during this phase, it was decided a priori to stop the test at the 10 th min. During hypnosis, continuous suggestions of well being were given. The subject's usual consciousness was then gradually restored and the participant was de-hypnotized.
For HGA, any effort was made in order to reproduce the conditions that are typical of general anesthesia (Figure 2 ). Suggestion of analgesia was extended to the whole body, reproducing pharmacological analgesia. Suggestions of flaccid paralysis were given for all muscles but the respiratory ones, like in spontaneous-breathing chemicallyinduced general anesthesia. Hypnotic relaxation was suggested to reproduce the sedation obtained in general anesthesia through benzodiazepines. Profound "hypnotic sleep" was suggested to reproduce the narcosis that is obtained in general anesthesia by means of barbiturates. During HGA, the participant did not know where the painful stimuli would be given. DC intensity administered at threshold and at threshold +20% phases was the same as in pre-hypnotic conditions. While that administered to ascertain maximum tolerable pain was increased by 0.2 mAxmin -1 until the subjects said to have reached the maximum level of tolerable pain and wanted to cease the ESMN. This intensity was recorded for determination of the objective pain tolerance threshold.
During hypnosis, continuous suggestions of well being were given. The subject's usual consciousness was then gradually restored and the participant was de-hypnotized.
The following cardiovascular parameters were monitored in pre-hypnotic basal conditions and during HFA and HGA.
Hemodynamic Measurements
Blood pressure (in mmHg) was measured by an Omron 705 IT device (Omron Europe, Hoofddorp, The Netherlands). Pulse pressure (in mmHg) was calculated as systolic minus diastolic, and mean blood pressure (in mmHg) as diastolic +1/3 pulse pressure. In 6 subjects, the blood flow indexed for the volume of tissue (in ml×min -1 ×dl -1 ) was measured from the left forearm with a strain-gauge plethysmograph (Angioflow, Microlab Electronics, Padova, Italy). This method, which is validated and largely used by our research group (Casiglia et al. 2006 , Casiglia et al. 1997a , Casiglia et al. 2007 , Kropotov et al. 1997 , Casiglia et al. 2012b , Casiglia et al. 1995 , Casiglia et al. 1998a , Casiglia et al. 1997b , Casiglia et al. 1998b , Casiglia et al. 1999 , Casiglia et al. 1998c , Casiglia et al. 1991 , entails periodic occlusion of venous outflow by a cuff automatically inflated at over-venous and under-diastolic pressure and the measurement of arm volume by indium-gallium-in-silicone strain-gauge. In such conditions, segmental blood inflow is proportional to arterial flow and is automatically calculated by the inner software. Left forearm arterial peripheral resistance was calculated (in mmHg×min×dl×ml -1 ) from the mean blood pressure/arterial flow ratio. The aim of these measurements was to ascertain whether the ESMN was accompanied by a sympathetic drive discharge leading to vasoconstriction, or on the contrary this sympathetic response to pain was reduced or absent during HFA and/or HGA. The DC intensity administered was recorded in order to quantify (in mA) objective pain tolerance.
Continuous variables were expressed as mean ± standard deviation and compared with an intra-subject paired t test in square-Latin design. 95% confidence intervals (CI) were shown when proper. The null hypothesis was rejected for a probability (p) of 0.05 or less.
Results
After de-hypnotization, all subjects stated to feel perfectly well, to be calmer than before the experiment, and to have experienced a reduction in pain perception at the maximum tolerable ESMN during both HFA and HGA in comparison to pre-hypnotic conditions (Figure 3) .
Maximum pain perception was in average 9.5±0.6 in pre-hypnotic conditions, 2.4±3.0 during HFA (-75% vs. pre-hypnosis, p<0.0001) and 1.2±2.5 during HGA (-87% vs. pre-hypnosis, p<0.0002 vs. pre-hypnosis, non significant difference vs. HFA). Four subjects over 10 during HFA and 7 over 10 during HGA reported complete analgesia (visual scale score equal to 0). The increase of tolerance to ESMN (maximum pain vs. pain threshold) was 26.9±27.0 (CI 5.5-48.4) mA in pre-hypnosis, 45.2±46.8 (CI 11.7-78.6) mA in HFA (+68% vs. pre-hypnosis), and 54.1±53.4 (CI 15.8-92.3) mA in HGA (+101% vs. pre-hypnosis, p=0.034).
The trend of hemodynamic parameters during ESMN in the three experimental conditions is shown in Table 1 . In pre-hypnotic basal conditions, increasing values of ESMN were associated to significant increase of the sympathetic drive, with a significant peak of peripheral resistance (+65.8%, p<0.05) and a mirroring decrease of peripheral flow (-17.3%, p<0.05) in correspondence to the maximum tolerable pain (Figure 4 ). Lower and non significant variations of these two parameters were observed during HFA and there were practically no variations during HGA (Figure 4) . 
Discussion
Our data confirm the results we previously obtained using the cold pressor test as a pain maneuver (Casiglia et al. 2007 ). In fact, the perception of pain measured at the peak of ESMN with the visual rating scale (the so called subjective pain tolerance) was 87% lower than in pre-hypnotic conditions and abolished in 40% of the cases. Furthermore, the excess DC discharge intensity necessary to induce the maximum tolerable pain in comparison to the pain threshold (the so called objective pain tolerance) was 68% higher in HFA than in pre-hypnotic conditions. Not only this but the vasoconstriction that, in pre-hypnotic basal conditions, accompanied the hemodynamic response to ESMN was strongly reduced during HFA, reflecting a parallel reduction of the pain-induced stress. HFA was therefore able to limit not only the subjective perception of pain and its objective tolerance, but also its reflex cardiovascular consequences. This is not novel, as our group showed in the past that the HFA is not sustained by a mere dissociation, but rather by a real block of painful stimuli according to the theory of gate control.
Up to date, hypnotic analgesia had been studied only in terms of HFA, functionally equivalent to chemical (pharmacological) local anesthesia. In the present study we also wanted to analyze the effects of the hypnotic suggestions reproducing general anesthesia. As known, general anesthesia is represented by analgesia (usually obtained with opioid agents), by narcosis (obtained for instance with a gas or an intravenous drug), by surgical immobility (obtained with curarization and requiring artificial ventilation), and by retrograde amnesia (obtained with benzodiazepines). If curarization is omitted, spontaneous-breathing general anesthesia (also called deep sedation) is produced. Apart from pain relief, the final aim of all these procedures is the prevention of organ damage.
According to the results shown herein, HGA (obtained without any drugs) qualified itself as a very effective analgesic tool, as pain perception (subjective pain tolerance) at maximum ESMN was 89% lower than in pre-hypnotic conditions and completely abolished in 70% of cases. Furthermore, the excess DC discharge intensity necessary to induce the maximum tolerable pain in comparison to pain threshold (objective pain tolerance) was 101% higher in HGA than in pre-hypnotic conditions. The reflex vasoconstriction accompanying pain was also nullified, with preservation of peripheral flow. HGA was therefore able not only to reduce (and in some cases to abolish) subjective pain perception, but also to prevent its reflex cardiovascular effects, preserving target organs from stress ischemia during the pain procedure. This pattern is commonly observed in pharmacologically-induced general anesthesia, where it is the resultant of the combination of analgesia, narcosis and neuromuscular paralysis. The ability of hypnosis to mime the situations of physical reality is confirmed once again by the present experiment.
As known, the mechanisms of hypnotic analgesia are uncertain. Analgesia could be the result of mere dissociation, or, on the contrary, it could imply a real block of painful stimuli along the nervous ways. The results of the present study discriminate between these two hypotheses. In fact, if pain were simply dissociated from consciousness, its reflex cardiovascular effects should be fully maintained, as the sympathetic mechanisms responsible for reflex vasoconstriction act at a lower level than subjective consciousness (where dissociation happens). Lack of increase of arteriolar resistance in the case of HFA and especially of HGA therefore reflects a real block of painful stimuli at a certain level of the sensitive system. In other words, the results of the present study, like those we previously obtained in our laboratory with a different type of painful stimulation (Casiglia et al. 2007) , are in agreement with the models considering the reduction of nociceptive stimuli during hypnotic analgesia (Kiernan et al. 1995 , Sandrini et al. 2000 .
This reduction can happen only by an object of speculation, gate control being a possible explanation. The gate control theory postulates a gating system at the dorsal horn of the spinal cord modulating the transmission of noxious signaling (Melzack and Wall 1965) , as well as selective cognitive processes transmitted through descending fibers modulating properties of the spinal cord gating. Hypnosis could affect the system processing nociception and in fact changes in the nociceptive spinal cord reflex R-III that is experimentally observed by other authors during hypnotic analgesia (Kiernan et al. 1995) .
It is also conceivable that hypnosis operates on multiple levels: reduction of R-III at the spinal cord, reduction in pain feeling over and beyond R-III related to brain mechanisms preventing awareness of pain, and reduction in unpleasantness related to selective reduction in the affective dimension as a consequence of reinterpretation of meanings associated with the painful sensation (Kiernan et al. 1995) .
In this view, hypnotic analgesia could modulate the progression of pain at different levels and in different areas of the nervous system. Pain is in fact a multi-dimensional experience involving sensory, dissociative, motivational, emotional and cognitive factors, and hypnosis could act by down-regulating the input of the painful stimuli by activating  and C fibers, so reducing the sympathetic arousal too (Casiglia et al. 2007) : at a spinal level hypnosis could reduce the sympathetic reflexes, at a cortical level it could modulate perception and the affective dimension of pain, and finally controlled cognitive processes could be associated to a supervising attentive system involving frontotemporal cortex and the limbic system.
On the contrary, we must reject the so-called dissociative models (following which pain could be registered but would remain dissociated from conscious and emotional awareness because of an amnesia-like barrier) and the social-cognitive models (following which hypnotic analgesia would be similar to waking analgesia, consisting of distracting attention from the pain by using goal-directed fantasies) as the sole mechanisms of HFA and HGA. In fact in the above mentioned conditions the reflex cardiovascular response to pain should be fully maintained, which is not the case in our experience.
Thanks to its attitudes, hypnotic analgesia (even when extended to the whole body in the context of HGA, miming spontaneous-breathing pharmacological general anesthesia) can be of help in preventing surgical pain and in protecting target organs (such as heart and brain) from unwanted reflex cardiovascular consequences of nociception.
Both HFA and HGA have a low cost and do not need a recovery period, appearing more advantageous than chemical anesthesia in these respects. In highs, the effects of HGA are those of spontaneous-breathing general anesthesia or profound sedation with analgesia. It could be of particular help in dentistry, in small surgery, in plastic surgery (particularly for burns management), and in painful or fastidious procedures such as endoscopy or biopsy. Since they do not need intubation and ventilation, both HFA and HGA do not impose the presence of an anesthetist and can be administered with safety by a doctor or a nurse expert in hypnotism.
The main strength of the present study is that it demonstrated for the first time that HGA is possible and effective. Its main limitation is that it was limited to highs, while scarcely hypnotizable subjects were deliberately excluded from the protocol. Another limitation is that the analysis is limited to 10 subjects. On the other hand, this is nothing more than a pilot study aimed at demonstrating the efficacy of HGA and at comparing HGA and HFA in an experimental setting. The results must be confirmed in larger samples. If the mechanisms of HFA and HGA is really attributable to a block of painful stimuli in the frame of the gate control systems as suggested in the present paper, they need to be confirmed by neurophysiological tests.
Conclusions
As previously reported in medical literature, demonstrated in the past by our research group (Casiglia et al. 2007 , Facco et al. 2013 , Facco et al. 2009 , Facco et al. 2011 ) and shown in the present paper, suggestions of analgesia given in hypnosis are very effective in reducing not only the subjective perception of pain (Casiglia et al. 2007 , Facco et al. 2013 , Facco et al. 2009 , Facco et al. 2011 ) but also its reflex cardiovascular effects (Casiglia et al. 2007 , Facco et al. 2009 , Facco et al. 2011 
in highs.
This is evident in the setting represented by the more commonly used HFA (Casiglia et al. 2007 , Facco et al. 2013 , and even more evident in that, described herein for the first time, represented by HGA.
HGA, obtained by adding hypnotic analgesia, "hypnotic sleep", hypnotic muscular paralysis and hypnotic amnesia perfectly reproduce the picture of analgesia + narcosis + paralysis + retrograde amnesia that is typical of chemical (pharmacological) general anesthesia, with the difference that intubation and artificial ventilation are not necessary. In fact, spontaneous breathing is -of course-always maintained during hypnosis.
This makes HGA similar to spontaneous-breathing general anesthesia, also called profound sedation. This hypnotic syndrome may be very useful in a variety of situations in which pharmacological general anesthesia is difficult to apply, too expensive or contraindicated, such as small surgery, dentistry, treatment of burning, invasive or nagging diagnostic maneuvers (e.g. endoscopy, hysteroscopy, treatment of bone fractures), application of cardiac pacemakers, application and removal of nasal packing, biopsy, magnetic resonance in phobics and so on. In these conditions, HGA has the additional advantage not to require the presence of an anesthetist and not to lead to unwanted respiratory depression.
